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LASER WITH INTERNALLY COUPLED PUMP SOURCE 

Field of the Invention 

The present invention relates generally to lasers, and more particularly to techniques for 
combining single-mode laser light with multi-mode pump light inside a laser cavity. 

Background of the Invention 

Cladding-pumped fiber laser devices are important in a wide variety of optical applications. 
For example, in optical communications, cladding-pumped lasers are used as an input optical source 
for high power Erbium/Y tterbium (Er/Yb) amplifiers, remotely located Erbium (Er) amplifiers in 
repeaterless communications systems, as well as Raman lasers. In addition, cladding pumped fiber 
laser devices have promising applications as light sources for printers, in medical optics, and in 
material processing and manufacturing. 

A typical cladding pumped fiber comprises a single-mode core and inner and outer cladding 
layers. The inner cladding layer surrounding the core is typically a silica cladding having a relatively 
large cross-sectional area (as compared to the core) and a relatively high numerical aperture. It is 
usually non-circular (rectangular or star-shaped) to ensure that the modes of the inner cladding may 
overlap with the core. The outer cladding is commonly composed of a relatively low refractive index 
polymer. The index of the core is greater than that of the inner cladding, which, in turn, is greater 
than that of the outer cladding. 

A major advantage of the cladding pumped fiber is that it is able to convert light from a 
relatively low-brightness source into light of a relatively high brightness in a single-mode fiber. 
Light from low-brightness sources such as diode arrays may be coupled into the inner cladding due 
to its relatively large cross-sectional area and relatively high numerical aperture. In a cladding 
pumped fiber laser, the core is doped with a rare earth metal such as Er. The light in the inner 
cladding interacts with the core and is absorbed by the rare earth dopant. Therefore, if optical 
feedback is provided (e.g., as by employing a Bragg grating optical cavity), the cladding pumped 
fiber will act as a laser oscillator at the feedback wavelength. 

One difficulty preventing the further exploitation of cladding pumped fiber devices is 
efficiently coupling a sufficient number of low-brightness source(s) into the inner cladding. A 
common approach is to couple the light from broad-stripe semiconductor lasers into multi-mode 
fibers, bundle the fibers, and then to use bulk optics to couple the light from the bundle into the 
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cladding pumped fiber. See, for example, U.S. Patent No. 5,268,978. The difficulty with this 
approach, however, is that it requires a number of fine interfaces with associated problems of 
matching and alignment, as well as two sets of fiber optics. An astigmatic lens is typically disposed 
between the semiconductor lasers and the bundling fibers and between the bundling fibers and the 
fiber laser. Polishing, antireflection coatings and maintenance of precise alignments are also 
required. 

Another difficulty preventing the further exploitation of cladding pumped fiber lasers is in 
coupling multi-mode pump light into the inner cladding while simultaneously coupling single-mode 
light out of or into the single-mode core. Various solutions have been proposed to overcome this 
limitation. See, for example, U.S. Patent No. 4,815,079. One known solution proposes an optical 
fiber laser in which radiation is pumped into a single-mode core of a laser cavity via a double clad 
fiber coupling arrangement. A first multi-mode layer surrounds a single-mode core, and it, in turn, 
is surrounded by a second outermost layer. The multi-mode layer is a core with respect to the 
outermost layer, which serves as a cladding. At the same time, the multi-mode layer is a cladding 
with respect to the single-mode core. Pump light coupled into the first multi-mode cladding, either 
through its end facet or its side, propagates along its length, undergoing a multiplicity of reflections 
at its core-cladding interface, while intersecting and being absorbed by the innermost core to cause 
lasing action. In one type of fiber laser, the multi-mode cladding takes the form of a rectangular slab 
that extends along the laser length. 

Fiber lasers are usually made fairly long, on the order of thirty meters or so, with small cross- 
sectional geometries to make them easy to coil into compact configurations and prevent 
concentration quenching. However, these qualities, while advantageous for a variety of reasons, 
make it extremely difficult to efficiently couple high pump power into them to promote lasing. 
Those skilled in the art have addressed the foregoing problem with more or less success in a variety 
of ways. 

Various solutions have been proposed to overcome the foregoing problem. See, for example, 
U.S. Patent Nos. 4,81 8,062 and 5,127,068. In one known solution, a fiber laser is employed with a 
bundle of waveguides that receive light from a set of diode laser elements and couple their outputs 
into a solid state laser medium through a lens. While such an arrangement is adequate for solid state 
lasers having entrance facets with dimensions of several millimeters, it is more difficult to achieve 
efficient coupling of high power from the waveguide bundle into the much smaller entrance ends of 
long, thin, low loss, single-mode fiber lasers with multi-mode claddings. Another disadvantage of 
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this arrangement lies in the difficulty one encounters in matching the lateral and transverse numerical 
apertures of the waveguides with the lateral and transverse divergences of the laser elements. 

In another solution, a cylindrical microlens is employed for collimating the high numerical 
aperture (NA) output emissions of laser diode arrays so that such emissions may be coupled into an 
optical fiber. The microlens has a diameter roughly equal to the diameter of the fibers and 20% to 
50% bigger than the lateral dimension of the laser diode array. An elliptical or hyperbolic cross- 
sectional shape may prove useful for correction of particular spherical aberrations. Such an 
arrangement requires a precisely small spacing from the microlens to the optical fibers, creating a 
crowded condition in which unintended contact and damage to the microlens or fibers may occur. 
Moreover, positional and alignment errors may prevent matching of the numerical apertures of the 
fibers with the divergences of the laser diodes, thus tending to reduce coupling efficiency. 

In known laser arrangements, the pump is coupled to the laser outside of the laser cavity. 
Accordingly, the typical configuration of a known laser includes a pump combiner connected to a 
first grating, which is connected via a length of fiber to a second grating, wherein the gratings define 
the outer boundaries of the laser cavity. See, for example, U. S. Patent No. 5,268,978. Additionally, 
the gratings that are utilized with such prior art laser configurations typically require a relatively low 
index coating to support both multi-mode pumping and single-mode signal light. 

It is apparent that a need exists for an improved coupling system for pumping a solid state 
medium of a fiber laser cavity, which avoids the cost, complexity and other problems associated with 
the conventional approaches. For example, there is a need for a new robust and compact 
arrangement for coupling the output of low-brightness sources into cladding pumped fibers. In 
addition, there is a need for an efficient means of simultaneously coupling multi-mode pump light 
into the inner cladding of a cladding pumped fiber while coupling single-mode light into or out of 
the core. 

Summary of the Invention 

The present invention provides an improved pump coupling configuration particularly well- 
suited for a cladding pumped laser, though other applications will be apparent to skilled artisans upon 
reviewing the instant disclosure. 

In accordance with one aspect of the present invention, techniques are provided to combine 
single-mode laser light with multi-mode pump light inside a laser cavity. A cladding pumped laser, 
in one embodiment of the present invention, is configured such that the pump combiner is coupled 
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within the laser cavity. Advantageously, the configuration of the laser may provide flexibility to 
utilize standard gratings to define the laser cavity, instead of gratings which require a relatively low 
index coating to support both multi-mode pump light and single-mode signal light. 

In accordance with another aspect of the invention, an optical fiber laser includes a laser 
cavity comprising a lasing medium and first and second reflector devices, a pump source, and a 
combiner. The combiner has a first side, a second side and an input port that may be associated with 
one of the first and second sides. An output of the pump source is operatively coupled to the input 
port of the combiner, and the combiner is coupled at its first and second sides within the laser cavity. 

In accordance with a further aspect of the invention, a method for combining single-mode 
laser light with multi-mode pump light in an optical fiber laser is provided. The method includes the 
steps of positioning a pump combiner within a laser cavity comprising first and second reflector 
devices coupled to respective first and second ends of a lasing medium, and coupling a pump source 
for exciting the lasing medium to an input of the combiner. 

These and other features and advantages of the present invention will become more apparent 
from the accompanying drawings and the following detailed description. 

Brief Description of the Drawings 

The present invention will be better understood from reading the following description of 
non-limiting embodiments, with reference to the attached drawings, wherein below: 

FIGS. 1 A- ID schematically illustrate an arrangement using a tapered bundle of multi-mode 
fibers for pumping a cladding pumped fiber; 

FIG. 2 illustrates a laser assembly configuration without an internally-coupled pump source; 

FIG. 3 illustrates a laser assembly configuration with an internally-coupled pump source in 
accordance with the present invention; 

FIG. 4 illustrates a single-mode fiber laser with a pump outside of the laser cavity in 
accordance with the prior art; and 

FIG. 5 illustrates a single-mode fiber laser with a pump coupler positioned inside of the laser 

cavity. 
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Detailed Description of the Invention 

A cladding pumped laser in accordance with an illustrative embodiment of the present 
invention utilizes a unique ordering of optical elements. That is, whereas the known solutions couple 
a pump combiner to the laser outside of the laser cavity, the present invention couples the pump 
combiner within the laser cavity. Advantageously, the configuration of the laser of the present 
invention may provide the user with the flexibility to utilize standard gratings to define the laser 
cavity, instead of gratings which require a relatively low index coating to support both multi-mode 
pump light and single-mode signal light. This configuration allows one to construct bidirectionally 
pumped cladding pumped fiber lasers. Thus, pump light may be injected into the inner cladding of 
both ends of the cladding pumped fiber while the single-mode fiber laser output may be extracted 
from the core. 

Although the present invention is illustrated below in conjunction with particular exemplary 
laser assemblies, it should be understood that the invention is not limited to use with any particular 
type of optical fiber laser, but is instead more generally applicable to any fiber laser which requires 
coupling of light from a pump source. Other applications and realizations will become apparent to 
skilled artisans upon reviewing the instant disclosure. 

Referring now to the drawings in detail, and initially to FIGS. 1A-1D, an arrangement 1 10 
for pumping a cladding pumped fiber comprising a plurality of individual multi-mode fibers 1 1 1 (see 
FIG. IB) which converge to a bundled region 1 12 is illustrated. The bundled region 112 extends to 
a tapered region 113. The tapered region 113 tapers to a minimum diameter at point 1 14, closely 
approximating the diameter of the cladding pumped fiber 1 15 (see FIG. ID). Preferably the fibers 
in the bundled region 1 1 2 are arranged in a close-packed formation wherein the interior fibers contact 
the maximum number of neighboring fibers (see FIG. 1C). Ideally the bundle tapers to a cross- 
section approximating the inner cladding of the fiber 115. It is contemplated that each individual 
multi-mode fiber 111 (of which only three are shown in FIG. 1A) will couple light from an 
associated semiconductor source 109 to the cladding fiber 115. 

Referring now to FIG. 2, a typical laser assembly 200 is illustrated. Laser assembly 200 is 
configured having multiple multi-mode pump sources 210 connected to corresponding inputs of a 
beam combiner 220. Although two multi-mode pump sources 210 are illustrated, it is contemplated 
that more or less pump sources may be employed. A first grating 230 is coupled to an output of the 
combiner 220, and a lasing medium 260 is coupled between the first grating 23 0 and a second grating 
250. 
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A laser cavity is that portion of the laser which concentrates the light to stimulate the 
emission of radiation. The laser cavity may also be referred to as the optical cavity or resonator. The 
laser cavity is typically defined by reflector devices (e.g., gratings or mirrors) that reflect light back 
and forth through a lasing medium on opposite ends of the lasing medium. Typically, one reflector 
device lets some light escape to form a laser output signal. The laser cavity in FIG. 2 comprises the 
two gratings 230 and 250 and the lasing medium 260. Thus, the pump source 210 and beam 
combiner 220 are physically located, and are coupled to the laser assembly, outside of the laser 
cavity. Additionally, in the known cladding pumped fiber laser assemblies, to avoid multi-mode 
pump light losses, a relatively low index coating is applied to fiber grating 230. 

FIG. 3 illustrates a laser assembly 300 in accordance with the present invention. Laser 
assembly 300 is configured having a first reflector device 330 connected via a lasing medium 340 
to a first end of a multi-mode beam combiner 320. Two multiple multi-mode pump sources 3 10 are 
also connected to the first end of the multi-mode beam combiner 320. It is contemplated that the 
multi-mode pump sources 310 may be broadband laser diodes, or other suitable pump sources. A 
single-mode lasing medium 360 is connected on a first end thereof to a second end of the combiner 
320. A second reflector device 350 is connected to a second end of the single-mode lasing medium 
360. The laser cavity in FIG. 3 comprises the two reflector devices 330 and 350 and the lasing 
medium 340 and 360. Thus, the pump sources 310 and beam combiner 320 are physically coupled 
to the laser assembly within the laser cavity. 

The reflector devices 330 and 350 are preferably fiber Bragg gratings. Advantageously, due 
to the configuration of the elements of the laser assembly, such gratings when utilized as reflector 
devices 330 and 350 do not require a relatively low index coating as in the prior art. Rather, standard 
gratings may be utilized. The gratings may alternatively have a high index coating formed thereon. 
It is also contemplated that the reflector devices can be implemented as dielectric film mirrors, 
interference filters, broad metal mirrors (one side only) or polished fiber ends (typically creates a four 
percent reflector). Lasing medium 360 is preferably a cladding pumped fiber with a rare earth doped 
core. 

It is further contemplated that the beam combiner 320 may be a tapered fiber bundle, as 
shown in FIG. 1 A, with a single-mode fiber through the center of the tapered fiber bundle. The use 
of a tapered fiber bundle in a cladding pumped laser has numerous advantages over conventional 
bundling and bulk optics. For example, no polishing or antireflection coating is required, there is 
no alignment of bulk optical system to be maintained, and losses are lower. In addition, as the fiber 
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bundle is heated during the tapering process, surface tension forms the bundle into one fiber, circular 
or nearly circular in cross-section, thereby eliminating any wasted interstitial space. 

FIG. 4 illustrates a single-mode fiber laser 400 with a pump source coupled outside of the 
laser cavity. The single-mode fiber laser includes a single-mode pump source 410 coupled outside 
of the laser cavity and coupled to a reflector device 420. The reflector device 420 may be, for 
example, a fiber Bragg grating. The reflector device 420 is coupled to a second reflector device 450 
via a single-mode lasing medium 430. The laser cavity in FIG. 4 comprises the two reflector devices 
420 and 450 and the lasing medium 430. Thus, the pump source 410 is physically coupled outside 
of the laser cavity. The two X marks referred to by reference numeral 440 indicate locations at which 
two sections of the lasing medium 430 may have been spliced. Although splices are typically 
present, and sometimes necessary, in many cases the splices can be eliminated by design and one 
continuous fiber may be used instead. The lasing medium shown in FIG. 4 is preferably a single- 
mode fiber with standard high index coatings. The direction of the laser output is indicated by the 
arrow having reference numeral 460. 

FIG. 5 illustrates a single-mode fiber laser 500 with a pump combiner positioned inside of 
the laser cavity. A single-mode pump source 5 10 is coupled to an input port of combiner 520 which 
is positioned inside of the laser cavity. The combiner 520 is preferably a wavelength division 
multiplexing (WDM) coupler. The laser cavity in FIG. 5 comprises two reflective devices 530 and 
560 and the lasing medium 540 and 545. Thus, the combiner 520 is physically coupled at first and 
second sides thereof within the laser cavity. It is contemplated that the input port may be associated 
with either one of the first and second sides, or any other side, of combiner 520. Reflective devices 
530 and 560 are preferably fiber Bragg gratings. It is also contemplated that the reflective devices 
can be implemented as dielectric film mirrors, interference filters, broad metal mirrors (one side 
only) or polished fiber ends (typically creates a four percent reflector). The reflective devices 530 
and 560 are connected by a single-mode fiber 540 which includes splices 570. That is, the X marks 
referred to by reference numeral 570 indicate locations at which two sections of the lasing medium 
540 have been spliced. Although splices are typically present, and sometimes necessary, in many 
cases the splices can be eliminated by design and one continuous fiber may be used instead. Unlike 
typical end coupled lasers, the laser output in the illustrative embodiment of FIG. 5 can come out of 
either end in the directions indicated by arrows 5 80 and 590. The single-mode fiber 540 is preferably 
coated with a standard high index coating. Additionally, the pump source 510 is not limited to a 
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particular type of pump source and may include pump sources such as, for example, a semiconductor 

laser pump and a fiber laser pump. 

The combiners are illustrated in FIGS. 3 and 5 coupled toward one end of the laser cavity. 

It is contemplated that the combiner may be coupled at any one of various positions within the laser 
5 cavity. Furthermore, in the case of a bidirectionally pumped fiber laser, two combiners may be 

coupled within the laser cavity with one on each end. 

It should be emphasized that the exemplary devices and techniques described herein are 

intended to illustrate the operation of the invention, and therefore should not be construed as limiting 

the invention to any particular embodiment or group of embodiments. For example, although the 
10 laser assemblies are illustrated herein using gratings, alternative embodiments of the invention can 
p use other types of reflective devices such as, for example, mirrors. Furthermore, as indicated above, 

the invention can be used to implement bidirectionally pumped fiber lasers. Additionally, the 
tfl invention is not limited in application to cladding pumped lasers, but is more broadly applicable to 
m other types of fiber lasers. These and numerous other alternative embodiments within the scope of 
t§ the following claims will therefore be apparent to those skilled in the art. 

ru 
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Claims 

We claim: 

1 . An optical fiber laser comprising: 
a laser cavity; 
5 a pump source; and 

a combiner having a first side, a second side and an input port, wherein an output of 
the pump source is operatively coupled to the input port of the combiner, and the combiner is 
coupled at its first and second sides within the laser cavity. 

m 2. The optical fiber laser as recited in claim 1 , wherein the lasing medium comprises a 

O cladding pumped fiber. 

ass 

3. The optical fiber laser as recited in claim 2, wherein the cladding pumped fiber 
OS includes a rare earth doped core. 

k 

jjj 4. The optical fiber laser as recited in claim 1, wherein the laser cavity comprises a 

p lasing medium and first and second reflector devices. 

ni 

5. The optical fiber laser as recited in claim 4, wherein at least one of the first and 
20 second reflector devices comprises a fiber Bragg grating. 

6. The optical fiber laser as recited in claim 5 , wherein the fiber Bragg grating has a high 
index coating formed thereon. 

25 7. The optical fiber laser as recited in claim 4, wherein the first and second reflective 

devices comprise at least one of a dielectric film mirror, an interference filter, a broad metal mirror, 
and a polished fiber end. 


8. The optical fiber laser as recited in claim 1 , wherein the lasing medium comprises a 
30 single-mode fiber. 
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9. The optical fiber laser as recited in claim 1, wherein the pump source comprises a 
multi-mode pump source. 


10. The optical fiber laser as recited in claim 1 , wherein the input port is associated with 
one of the first and second sides of the combiner. 

11. The optical fiber laser as recited in claim 1, wherein the optical fiber laser is 
configured for bidirectional pumping of the laser cavity. 

12. A method for combining laser light with pump light in an optical fiber laser device, 
the method comprising the steps of: 

positioning a pump combiner within a laser cavity; and 

coupling a pump source for exciting lasing medium to an input of the combiner. 

13. The method as recited in claim 12, wherein the lasing medium comprises a cladding 
pumped laser fiber. 

14. The method as recited in claim 1 3 , wherein the cladding pumped laser fiber includes 
a rare earth doped core. 

15. The method as recited in claim 12, wherein the laser cavity comprises first and second 
reflector devices coupled to respective first and second ends of the lasing medium. 

16. The method as recited in claim 15, wherein at least one of the first and second 
reflector devices has a low index coating formed thereon. 

17. The method as recited in claim 12, wherein the lasing medium comprises a single- 
mode laser fiber. 

1 8. The method as recited in claim 12, wherein the pump source comprises a multi-mode 
pump source. 
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LASER WITH INTERNALLY COUPLED PUMP SOURCE 


Abstract 

Methods and apparatus for coupling of pump light inside a laser cavity of a fiber laser. The 
optical elements of the cladding pumped laser are configured such that the pump laser is coupled 
within the laser cavity. An optical fiber laser includes a laser cavity comprising a lasing medium and 
first and second reflector devices, a pump source, and a combiner. The combiner has a first side, a 
second side and an input port that may be associated with one of the first and second sides. An 
output of the pump source is operatively coupled to the input port of the combiner, and the combiner 
is coupled at its first and second sides within the laser cavity. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled LASER WITH INTERNALLY 
COUPLED PUMP SOURCE the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to 
in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 1 19 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, 1 12, I acknowledge the duty to disclose all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, 1.56 which became available between the filing date of the prior application and the 
national or PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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I hereby appoint the following attomey(s) with Ml power of substitution and revocation, 
to prosecute said application, to make alterations and amendments therein, to receive the patent, 
and to transact all business in the Patent and Trademark Office connected therewith: 


Kenneth M. Brown (Reg. No. 37590) 

Donald P. Dinella (Reg. No. 3996 1 ) 

Martin I. Finston (Reg. No. 31613) 

Barry H. Freedman (Reg. No. 26166) 

Julio A. Garceran (Reg. No. 37138) 

Jimmy Goo (Reg. No. 36528) 

Stephen M. Gurey (Reg. No. 27336) 

Matthew J. Hodulik (Reg. No. 36 1 64) 

Eugene S. Indyk (Reg. No. 3071 1) 

Michael B. Johannesen (Reg. No. 35557) 

Irena Lager (Reg. No. 39260) 

John B. Maclntyre (Reg. No. 41 170) 
Christopher N. Malvone (Reg. No. 34866) 

John F. McCabe (Reg. No. 42854) 

Gregory J. Murgia (Reg. No. 41209) 

Neil R. Ormos (Reg. No. 35309) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ozer M. N. Teitelbaum (Reg. No. 36698) 

Jeffrey M. Weinick (Reg. No. 36304) 
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I hereby appoint the attorney(s) on ATTACHMENT A as associate attomey(s) in the 
aforementioned application, with full power solely to prosecute said application, to make 
alterations and amendments therein, to receive the patent, and to transact all business in the Patent 
and Trademark Office connected with the prosecution of said application. No other powers are 
granted to such associate attorney(s) and such associate attorney(s) are specifically denied any 
power of substitution or revocation. 

Full name of 1 st joint inventor: Maxim A. Bolshtyansky 

Inventor's signature Date 

Residence: Bound Brook, Somerset County, New Jersey 
Citizenship: Russia 

Post Office Address: 2 1 0 Stratford Place 

Bound Brook, New Jersey 08805 


Full name of 2nd joint inventor: Paul F. Wysocki 

Inventor's signature Pa^S^& \As^v^ Date 3.570 

Residence: Flemington, Hunterdon County, New Jersey 

Citizenship: United States of America 

Post Office Address: 15 Pleasant View Way 

Flemington, New Jersey 08822 


4 

ATTACHMENT A 


Bolshtyansky 1-14 


Attorney Name(s): 


Joseph B. Ryan Reg. No. 37922 

Kevin M. Mason Reg. No. 36597 

William E. Lewis Reg. No. 39274 

Robert J. Mauri Reg. No. 4 1 1 80 

Wayne L. Ellenbogen Reg. No. 43602 

James M. Loeffler Reg. No. 37873 

James F. Harrington Reg. No. 4474 1 


Telephone calls should be made to James M. Loeffler of Ryan, Mason & Lewis, LLP at: 

Phone No.: (516) 759-4547 
Fax No.: (516)759-9512 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled LASER WITH INTERNALLY 
COUPLED PUMP SOURCE the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to 
in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, 112, I acknowledge the duty to disclose all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, 1 .56 which became available between the filing date of the prior application and the 
national or PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 1 8 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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I hereby appoint the following attomey(s) with full power of substitution and revocation, 
to prosecute said application, to make alterations and amendments therein, to receive the patent, 
and to transact all business in the Patent and Trademark Office connected therewith: 


Kenneth M. Brown (Reg. No. 37590) 

Donald P. Dinella (Reg. No. 39961) 

Martin I. Finston (Reg. No. 3 16 1 3) 

Barry H. Freedman (Reg. No. 26 1 66) 

Julio A. Garceran (Reg. No. 37 1 3 8) 

Jimmy Goo (Reg. No. 36528) 

Stephen M. Gurey (Reg. No. 27336) 

Matthew J. Hodulik (Reg. No. 36164) 

Eugene S. Indyk (Reg. No. 307 1 1) 

Michael B. Johannesen (Reg. No. 35557) 

Irena Lager (Reg. No. 39260) 

John B. Maclntyre (Reg. No. 41 170) 
Christopher N. Malvone (Reg. No. 34866) 

John F. McCabe (Reg. No. 42854) 

Gregory J. Murgia (Reg. No. 4 1209) 

Neil R. Ormos (Reg. No. 35309) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ozer M. N. Teitelbaum (Reg. No. 36698) 

Jeffrey M. Weinick (Reg. No. 36304) 


FEB. 28. 2002 10:52AM 


NO. 658 P. 3/3 
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I hereby appoint the attoraey(s) on ATTACHMENT A as associate attorney^) in the 
aforementioned application, with full power solely to prosecute said application, to make 
alterations and amendments therein, to receive tile patent, and to transact all business in the Patent 
and Trademark Office connected with the prosecution of said application. No other powers are 
granted to such associate attomey(s) and such associate attomey(s) are specifically denied any 
power of substitution or revocation. 


Full name of 1 st joint inventor: Maxim A, Bolshtyansky 


Inventor's signature 


Residence; Bound Brook, Somerset County, New Jersey 



Date %,2t t 20Ql 


Citizenship: Russia 




Inventor's signature 


Date 


Residence: Flemington, Hunterdon County, New Jersey 


Citizenship: United States of America 


Post Office Address: 


15 Pleasant View Way 
Flemington, New Jersey 08822 
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Attorney Name(s): 


Joseph B. Ryan Reg. No. 37922 

Kevin M. Mason Reg. No. 36597 

William E. Lewis Reg. No. 39274 

Robert J. Mauri Reg. No. 4 1 1 80 

Wayne L. Ellenbogen Reg. No. 43602 

James M. Loeffler Reg. No. 37873 

James F. Harrington Reg. No. 44741 


Telephone calls should be made to James M. Loeffler of Ryan, Mason & Lewis, LLP at: 

Phone No.: (516)759-4547 
Fax No.: (516)759-9512 

All written communications are to be addressed to: 

Ryan, Mason & Lewis, LLP 

90 Forest Avenue 

Locust Valley, New York 11560 


